Objectives: The aims of this study were to obtain data on the frequency with which Korean patients with autoimmune myasthenia gravis (MG) present solely with ocular disturbances and progress to develop generalized disease and to identify the prognostic factors associated with secondary generalization. Methods: We conducted a retrospective multicenter survey in which a total of 376 adult patients who were newly diagnosed with MG from 2000 through 2005 were reviewed for analysis. Patients with ocular MG at the time of symptom presentation (n = 202, 53.7%) were divided into two subgroups according to their prognosis: the patients whose disease remained ocular throughout the follow-ups were placed in the OMG-R group, and the patients who progressed to develop generalized disease were placed in the OMG-G group. Clinical characteristics and laboratory findings were compared between the two subgroups. Results: Secondary generalization developed in 47 (23.3%) of the 202 study subjects, mostly within the first 6 months after symptom presentation, while the disease remained ocular throughout the follow-up duration (median 11.8 months) in the remaining 155 patients (76.7%). AChR antibody, abnormal repetitive nerve stimulation tests (RNST) and thymoma were more frequently observed in the patients in the OMG-G group than in those in the OMG-R group (p b 0.01 in all). In seropositive cases, the titers of AChR antibody were also significantly higher in the OMG-G group than in the OMG-R group (median, 3.8 nM vs. 6.4 nM; p b 0.05). Cox proportional hazards regression analyses showed that early oral prednisolone treatment significantly reduced the risk of secondary generalization (HR, 0.24; 95% CI, 0.11-0.56), whereas abnormal AChR antibody (HR, 5.34; 95% CI,) and thymoma (HR, 2.32; 95% CI, 1.21-4.45) were predictive of the development of secondary generalization. Conclusions: Our findings suggest that several factors, including the AChR antibody, thymoma, early corticosteroid treatment, and possibly latent neuromuscular abnormality revealed by RNST, may have an impact on the risk of developing generalized disease in Korean patients presenting with ocular myasthenia.
ptosis and/or diplopia. The disease clinically restricted to the EOM is referred to as ocular myasthenia gravis (OMG) [1] . Previous studies have reported that ocular disturbances are the first and sole manifestation of MG in about 50% of patients and that between 50% and 60% of patients presenting with OMG subsequently progress to develop generalized disease, usually within the first 1 to 2 years [2, 3] . Early immunosuppressive therapy, specifically corticosteroids and/or azathioprine, has been suggested to prevent or delay the secondary generalization [4] [5] [6] [7] [8] , but the cost-to-benefit ratio of this treatment remains controversial with no randomized controlled study conducted thus far [9] . Only a few studies have addressed the prognostic factors for OMG [2, 4] , and several clinical and laboratory factors, such as older age at onset, presence of anti-acetylcholine receptor (AChR) antibody, high antibody titers, and the presence of thymoma, were claimed to be associated with an increased risk of secondary generalization.
The clinical expression of MG is believed to vary among populations, especially between Asians and Caucasians. For instance, in Asian populations, MG appears to have an earlier childhood onset with ocular disturbances alone when compared to Caucasian populations [10] [11] [12] [13] . AChR antibody titers were also lower in the Chinese population of Taiwan than in Caucasians [12] , and a relatively high prevalence of OMG was reported in Chinese adults living in Hong Kong [14] . In this study, we aimed to investigate the prevalence of OMG in a Korean MG patient population and its prognosis in terms of the development of secondary generalization. We also analyzed prognostic factors associated with the outcome, which would help us to select patients who are more likely to benefit from potentially risky treatments, such as the immunosuppressive agents and/or thymectomy.
Patients and methods
We conducted a retrospective multicenter survey in the year 2006. Investigators from a total of 13 medical college-affiliated tertiary hospitals, all of whom belonged to the Korean Research Group for Neuromuscular Diseases, participated in this study. All patients who were initially diagnosed with autoimmune MG at each center during the period from January 2000 to December 2005 were eligible for participation in the study. The diagnosis of autoimmune MG was made based on the results of conventional clinical or laboratory evaluations: exertional muscle weakness, positive Tensilon testing, AChR antibody, electrophysiological tests, including repetitive nerve stimulation test (RNST) and/or single fiber electromyography (SFEMG), and the exclusion of alternative diagnoses. The patients' medical records were reviewed by the local investigator at each center, and the data were extracted to fill in a uniform database (Microsoft ® Office Access 2003) that was designed to include all clinical and laboratory data pertinent to the study. Eligible patients were classified as having OMG or generalized MG (GMG) by the local investigator according to their clinical distribution of muscle involvement. In the study protocol and at a meeting of the investigators before the start of the study, much emphasis was placed on defining OMG as autoimmune MG 'clinically' limited to the levator palpabrae and/or extraocular muscles. Patients were classified as having generalized disease if there was any exertional weakness in the facial (except the orbicularis oculi), oropharyngeal, neck, respiratory, axial or limb muscles, either subjectively or during neurological examination. The results of electrophysiological tests in the facial and limb muscles were not criteria for the distinction between ocular and generalized diseases [15] .
The diagnosis of ocular or generalized disease was made at two stages of the disease course: at symptom onset and at presentation. The time of symptom onset was defined as within the first month after onset. The follow-up duration refers to the time (months) from symptom presentation to the end of follow-ups, while the time from symptom onset to presentation was referred to as the initial disease duration. Based on this scheme, the patients with MG were categorized into four groups as follows: OMG at onset, GMG at onset, OMG at presentation, and GMG at presentation (Fig. 1) . Since the data analysis was focused on the patients with OMG at presentation, we divided the patients in this group into two subgroups based on their prognosis with respect to the development of secondary generalization, i.e., the patients whose disease remained ocular throughout the follow-up duration (OMG-R) vs. the patients who progressed to develop generalized disease (OMG-G). In patients with OMG-G, secondary generalization was defined as the emergence of any symptoms and signs of exertional weakness characteristic of generalized disease during the follow-up duration. The results of AChR antibody, electrophysiological tests and chest computed tomography (CT) were obtained from the time of symptom presentation. Data on treatment modalities were included only if the treatment had been administered to the patients with OMG before they progressed to develop generalized disease. After data collection, patients were excluded from the analysis if they were younger than the age of 20 years, or when data were incomplete or duplicated in two or more centers.
The baseline characteristics were compared between the two subgroups (OMG-R and OMG-G) in order to investigate any factors associated with secondary generalization in OMG. Mann-Whitney U and χ 2 tests (or Fisher's exact test) were used as appropriate.
Proportional hazards regression analyses were performed to evaluate the associations between various demographic and laboratory variables and the risk of secondary generalization throughout the followup duration. The multivariate model included age (years), sex, initial disease duration (months), and the other variables selected by the univariate analysis in which the probable variables with a p-value of no more than 0.1 were chosen for further analysis. Kaplan-Meier estimation was used to analyze the effect of early prednisolone treatment on the time to secondary generalization in patients with OMG after symptom presentation. p b 0.05 was considered statistically significant. All data analyses were performed using SPSS version 11.0.1 (SPSS Inc., Chicago, Illinois).
Results
The well-documented medical records of 376 patients were evaluated for this retrospective analysis (M:F = 152:224, mean age 45 years) (Fig. 1 ). Approximately half of the patients (n = =202, 53.7%) presented with solely ocular disturbances, and the proportion of OMG was higher (n = 234, 62.6%) at the time of symptom onset. Forty-seven patients (23.3%) developed secondary generalization, mostly (35 patients) within the first 6 months after symptom presentation (median 3 months), whereas the disease remained ocular throughout the follow-up duration (median 11.8 months) in the remaining 155 patients (76.7%). The rate of secondary generalization was increased by approximately 10% (33.6%, 39 of 116 patients) when the patients with less than 1 year of follow-up were excluded, whereas it was decreased by 14% (9.3%, 8 of 86 patients) when only the patients who were followedup less than 1 year were analyzed. The baseline characteristics of the patients in these two subgroups (OMG-R vs. OMG-G) are summarized in Table 1 . There was no difference in sex and age at the time of symptom presentation between the two subgroups, but the initial disease duration was shorter in the patients in the OMG-G group than in those in the OMG-R group (p = 0.04, Mann-Whitney U test).
The 
test). Azathioprine was combined
with prednisolone in 22 patients, and used as a single immunosuppressive agent in 5 patients. Thymectomy was performed in 27 patients (13.4%) with OMG at presentation, because of abnormal chest CT suggestive of thymoma. In cases without any evidence of thymoma on chest CT, the surgery was rarely performed in only 7 patients before the development of secondary generalization. Cox proportional hazards regression analyses revealed that early oral prednisolone treatment significantly reduced the risk of secondary generalization (HR, 0.24; 95% CI, 0.11-0.56), whereas abnormal AChR antibody (HR, 5.34; 95% CI, 1.60-17.8) and thymoma (HR, 2.32; 95% CI, 1.21-4.45) were predictive of the development of secondary generalization (Table 2) . Kaplan-Meier estimates comparing the prednisolone-treated and -untreated patients are shown in Fig. 2 . The log-rank test revealed a significant difference in the rate of secondary generalization between the two groups of patients.
Discussion
The current study is the largest retrospective analysis focused on OMG in an Asian adult population to our knowledge. This investigation was designed 1) to determine the prevalence of OMG and the rate of secondary generalization, and 2) to identify prognostic factors associated with secondary generalization in a Korean MG patient population. Our data are comparable in many respects to previous observations reported in Caucasians. First of all, the prevalence of OMG was very similar to those reported in earlier studies with approximately 50% of our patients presenting with solely ocular disturbances [3, 4] . In addition, the current study adds to the increasing body of evidence that shows a beneficial effect of early corticosteroid treatment on the risk of secondary generalization [4] [5] [6] [7] [8] .
Using proportional hazards regression model, this investigation also supports the conclusions of previously published data that the presence of abnormal AChR antibody and thymoma may be risk factors for the development of secondary generalization [4, 7] . Intriguingly, however, the prognosis of OMG seems to be much better in our patients with the rate of secondary generalization being approximately half of that reported in Caucasians [2, 3] . This discrepancy may be related to the variable and short duration of follow-ups in the current retrospective study. Only about half the patients had been followed-up longer than 1 year in this investigation, which might have resulted in the underestimation of the rate. Indeed, when only these patients were analyzed, the rate turned out to be increased by around 10%. Another explanation may be related to the rather long initial disease duration in our patients. The risk of secondary generalization is well known to have a strong inverse correlation with the duration of ocular disease [3, 4, [16] [17] [18] . Therefore, it is likely that the long initial disease duration in our patients could affect the subsequent generalization rate, i.e, a longer delay before presentation would imply a better prognosis. The patients who were at a higher risk of generalization during the early disease stages might have been excluded from the analysis on the secondary generalization rate which were analyzed only in the patients who were diagnosed as ocular MG at presentation. In fact, 32 (13.6%) out of 234 patients who belonged to the group of ocular MG at onset were found to develop generalized disease before they sought medical attention, so that they were not eventually included in the analysis on secondary generalization rate. The influence of initial disease duration upon subsequent prognosis was also supported by the longer initial disease duration in patients whose disease remained ocular, compared to that in patients who progressed to develop generalized disease during follow-up periods. Finally, the low rate of secondary generalization could be explained by the early corticosteroid treatment which was given to about one-third of our patients. Indeed, the point estimates of hazard ratios in this investigation (0.24) were comparable to the figures (0.19-0.32) reported in earlier studies [4, 7, 8] , supporting the hypothesis that early corticosteroid treatment can reduce the risk of generalization. However, it should be pointed out that the corticosteroid therapy may simply provide symptomatic control and mask overt evidence of generalization in patients on treatment. It also remains unclear whether the early corticosteroid therapy can truly prevent the occurrence of generalized disease or just delay its onset. Prospective studies should address these issues in the future.
Previously, investigators have set different criteria for the diagnosis of OMG with respect to the duration of disease. For example, Grob et al., included only the patients whose disease remained ocular for the first 1 month after onset [16] , while Sommer et al., followed the criterion of Oosterhuis which required a period of at least 3 months after onset for the diagnosis of OMG [3, 4] . Although these time limits were somewhat arbitrary, it was claimed that the occurrence of generalized disease during early disease stages would not qualify for the diagnosis of OMG as a separate entity [4] . Interestingly, Sommer et al., reported a much lower rate of secondary generalization (31%) compared to that reported by Grob et al. (66%) [4, 16] , and we suspect that part of the discrepancy may be related to the above difference in inclusion criteria. Unfortunately, there is no consensus to date on how long clinical manifestations should be restricted to the EOM in order to qualify for the diagnosis of OMG. Considering the above, in the current study we applied a two-step scheme for the classification of ocular vs. generalized disease, one at the onset (defined as within the first 1 month after onset) and the other at the time of presentation. We targeted on the status at presentation for analyzing the prognosis of OMG, because in our opinion it has at least three advantages. First, the diagnosis of OMG at presentation would be more reliable than that made at onset since the former was made based not only on historical information but also on the findings of neurological examination. Second, the classification at presentation would also be more relevant because any laboratory data having potentially prognostic implications, such as AChR antibody and electrophysiologic abnormalities, were available mostly at this time point. Finally, it can provide us information on the initial disease duration, which may have important prognostic implications in clinical practice as well as therapeutic trials for OMG.
Consistent with previous reports, the titers of AChR antibody were found to be low in patients with OMG in the current study [12, 18] . However, the seropositivity rate (69.9%) appears to be high in our patients compared to those (40-70%) reported in Caucasians [18, 19] . This issue needs to be addressed with respect to certain limitations probably inherent in a retrospective study like the current one. First, the diagnosis of OMG can be difficult in patients with atypical or subtle signs, particularly when diagnostic tests, such as AChR antibody assay and Tensilon testing, yield negative or equivocal results [17, 20] . Therefore, we suspect that OMG may be underdiagnosed, particularly in seronegative and mild cases. Second, during the execution of this study, we became aware that categorization of the disease into two subgroups, ocular vs. generalized myasthenia, might not be as straightforward in reality as originally expected. This could be challenging particularly in the elderly patients who might complain of general weakness and nonspecific fatigue. Mild generalized MG could be misclassified into OMG or vice versa. We speculated that these two reasons might account for the high seropositivity rate of AChR antibody in this investigation. The same explanations can be given of the high frequency of thymoma (18.3%) in our patients, although it was based on radiological findings and the data on histological confirmation were incomplete in the current study.
One of the interesting findings in our investigation is that abnormal results in RNST were more frequent in patients who progressed to develop generalized disease, although they were not predictive of secondary generalization. Surprisingly, only a few studies have evaluated the prognostic value of electrophysiological tests in patients with OMG. According to these observations, neither abnormal RNST nor SFEMG on limb muscles is predictive of secondary generalization, while normal SFEMG appears to have a negative predictive value [2, 4, 21, 22] . In these studies, however, the number of patients and follow-up durations were too small and short to provide reliable data on this issue. Another concern might be the presence of a "grey area" between ocular and mild generalized disease, as mentioned earlier. The prognostic value of "latent" electrophysiological abnormalities could also have been complicated further by using the treatments possibly reducing the risk of secondary generalization. Future large-scale long-term prospective studies may shed light on this issue.
Taken at face value, the prevalence of OMG in our Korean MG patients appears to be similar to that in Caucasian patients, but the risk of secondary generalization seems to be lower in our patients. However, the results are complicated by the relatively short and variable duration of follow-ups, the long initial disease duration, and also by the use of corticosteroid therapy. For these reasons, we cannot draw any firm conclusions regarding ethnic differences in the prevalence and prognosis of OMG based on the results of this retrospective analysis. A long-term prospective observational study is warranted to properly address the issue. However, the data in this investigation implies that AChR antibody, thymoma, early corticosteroid treatment, and possibly "latent" neuromuscular transmission defects revealed by RNST may have impacts on the risk of developing generalized disease. Stratification with respect to these covariates should be considered in future randomized controlled trials of potentially effective treatments, and we propose that the role of early immunosuppressive therapy and thymectomy for OMG may differ between Asian and other populations who might have different risks for secondary generalization.
